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points. The termini cooperate with the control point and provide layers when constrained. The invention also relates to methods of making 
a braided implantable endoprosthesis with patterned terminated ends. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify Slates party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Liihaania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


Untted Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Henxgovina 


GB 


Geoigta 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The foniicr Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Malt . 


IT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraioe 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Usbckistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Sv/itzcrlaiid 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cfite d'Tvoiir 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Rderation 






DB 


Germany 


LI 


Ltechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Fsionia 


LR 


Liberia 


SG 


S^gaporc 







wo 00/00, 



PCTAJS99/14455 



-1- 

IMPLANTABLE ENDOPROSTHESIS WITH PATTERNED 
TERMINATED FNPS AND METHODS FOR MAKING SAME 

1. Field of the Invention 

This invention relates to a braided implantable endoprosthesis with patterned 
terminated ends and a method for making a braided implantable endoprosthesis using a trim- 
line to maximize elongated member end orientation and to aid member crossing control 
during constrainment. More particularly, the invention relates to a stent or stent-graft having 
ends or openings with a crown or saw-tooth shape to enable efficient deployment or recapture 
thereof in a delivery device. 

2. Background of the Disclosure 

United States Patent No. 5,221,261, entitled, Radiably Expandable Fixation Member, 
discloses an open weave fixation device secured to a distal end of a catheter or other 
diagnostic or treatment device, for either temporarily or permanently fixing the device within 
a body cavity. 

United States Patent No. B 1 4,655,77 1 , entitled, Prosthesis Comprising Expansible or 
Contractile Tubular Body, discloses a prosthesis comprismg a flexible tubular body for 
transluminal implantation. 

United States Patent No. 5,026,377, entitled, Stent Placement Instrument and Method, 
discloses an instrument for the deployment or retraction of a self-expanding stent in body 
canal. 

United States Patent No. 5,061,275, entitled, Self-Expanding Prosthesis, discloses a 
resilient, elastic self-expanding prosthesis comprising a flexible tubular body. 

United States Patent No. 5,064,435, entitled, Self Expanding Prosthesis Having Stable 
Axial Length, discloses a body implantable stent that consists of two or more generally 
tubular coaxial and slidably connected stent segments. The axially outward and non- 
overlapping portions of the stent can be designed for secure fixation to the tissue wall 
segment, for example, as radially outward flares. 
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United States Patent No. 5,607,466, entitled, Catheter With a Stent, discloses a 
catheter with a self-expanding stent of a permeable mesh of stiff intersecting fibers. 

United States Patent Nos. 5,628,787 and 5,630,840, entitled. Clad Composite Stent, 
discloses a body compatible stent formed of multiple filaments arranged in two sets of 
oppositely directed helical windings interwoven with one another in a braided configuration. 
Each of the filaments is a composite including a central core and a case surrounding the core. 

United States Patent No. 5,645,559, entitled. Multiple Layer Stent, discloses a radially 
self-expanding stent having multiple layers. 

United States Patent No. 5,653,684, entitled. Catheter With Expandable Member 
Mesh Tip, discloses a catheter with a flexible-member mesh tip movably attached at a distal 
end of the catheter. 

, United States Patent No. 5,667,486, entitled, Prostatic Stent, discloses a prostatic 
stent. The proximal section has a shape conforming to the neck of the urinary bladder. 

United States Patent No. 5,718,1 59, entitled, Process for Manufacturing Three- 
Dimensional Braided Covered Stent, discloses a prosthesis having a flexible tubular three- 
dimensionally braided structure of metal or polymeric non-filaments, and polymeric 
multifilament yams. 

United States Patent No. 5,741,333, entitled, Sdf-Expanding Stent For A Medical- 
Device To Be Introduced Into A Cavity Of A Body, discloses a self-expanding stent. 

European published patent application EP 0 740 928 A2 discloses a self-expandable 
stent with paired members. 

The referenced patents disclosed herein are incorporated by reference in their 
entireties and made a part hereof for all purposes. 

SUMMARY OF THE INVENTION 

The present invention optimizes elongated member orientation and control during the 
constrainment and expansion cycles of self-expanding braided stents and stent-grafts. Use of 
the crown trim method principles may be applied to a braided implantable endoprosthesis 
having braid pattern configurations greater than 1 -over- 1 -under. The invention includes 
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irimming elongated member ends at predetermined terminus in order to provide an optimum 
trim length at a point on the elongated member where each predetermined terminus 
terminates control over another member, for example, a certain crossing point. When 
trimmed, a crown or saw-tooth-likc pattern emerges as certain portions of the elongated 
members are removed from the endoprosthesis. The saw-tooth pattem is continued around 
the desired trim-line, for example, a circumference at one or more of the ends of the 
endoprosthesis. 

The 1 -over- 1 -under braid pattem configuration in a WALLSTENT^ endoprosthesis 
works well for deployment/recapture. To achieve similar deployment and recapture 
performance for greater than 1 -over- 1 -under braid configuration patterns, for example, 2- 
over-2-under; 2-over-l -under; Kover-2-under; 3-over-3-under; 3-over-2-under; 2-over-3- 
under; 3-over-l -under; l-over-3-under; 4-over-4-under; 4-over-3 -under; 3-over-4-under; 4- 
over-2-under; 2-over-4-under; 4-over-l -under; 1 -over-4-under; 5-over-5 -under; 5-over'4- 
under; 4-over-5-under; 5-over-3-under; 3-over.5-under; 5-over-2-under; 2-over-5-under; 5- 
over- 1 -under; l-over-5 -under, treatment along a predetermined trim-line of at least one of the 
ends is preferred for smooth deployment and recapture. Other braid pattern configurations 
and combinations greater than 5-over-5-under are also envisioned. 

Tlie following definitions are used herein for reference and descriptive purposes in the 
application. Elongated members refers to wire, filaments, multistranded cables and yams 
fashioned of synthetic or natural polymers including plastics, metals or composites having 
any generally cross-section or homogeneity including solid, cored, hollow or DFT sections. 
Resilient refers to any flexible material having a restoring capability if flexed less than 
required to permanently deform; for example, spring-like and self-supporting materials. Saw- 
toothed refers to generally triangular shaped teeth found on a saw and a pattem formed at the 
desired trim-line. Crown, crown-cut or crown-like refers to the saw-tooth-like shape of the 
termination patterns at the end portions or trim-line. Other configurations including 
cormgations, scallops, crenelations, serrations, notches and the like, whether repetitive or 
random, that provide the desired results are encompassed within the scope of saw-toolhed or 
crown. Terminus refers to a certain point where an elongated member is cut. Termini refers 
to a series of terminus. 
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For reference, a braid becomes a stent after annealing. Annealing of the braid relaxes 
the stresses in the members and sets the shape of the endoprosthesis. Braid angle refers to the 
included angle between interbraided members of the braid, in the axial orientation, prior to 
annealing. Filament crossing angle refers to the included angle of the stent after aimealing. 

The present invention provides a unique stepped layering of the elongated members, 
assuring that the terminus do not substantially contact the exterior tube wall when mounted, 
deployed or recaptured. Along a trim-line, the terminus distance to the applicable control 
point is minimized or optimized to ensure that each member is long enough to supply control 
or interaction to adjacent elongated members. 

An advantage of the implantable endoprosthesis and the associated method described 
herein is generally reduced scraping and delivery system perforation and particulate 
generation. 

In sum, the invention relates to a braided medical device such as an implantable 
endoprosthesis with patterned terminated ends including a first number of elongated members 
wound helically in a first common direction and crossing a second number of elongated 
members wound helically in a second common direction. The crossing of the first and second 
elongated members define an angle therebetween and a plurality of control points. The first 
and second elongated members are braided in a braid pattern greater than 1 -over- 1 -under. A 
tubular body is formed of the first and second elongated members and has ends and a middle 
portion therebetween. The tubular body is constrainable to a reduced diameter size and is 
self-expandable to an increased diameter size. A passage at least partially through the tubular 
body extends in a longitudinal direction. At least a portion of a saw-tooth pattern is fomied 
on at least one of the ends or on an edge of an opening in the tubular body. The saw-tooth 
pattem is defined by a series of terminus on at least one of the first or second elongated 
members at a predetermined distance fi-om respective control points. The implantable 
endoprosthesis may fiirther include an opening defined by each end of the tubular body and 
an edge surrounding each opening. The control point may be defined by a crossing of a first 
and second elongated members. An average distance measured fi-om each terminus to each 
respective control point may be less than about one-half pic. An average distance measured 
from each terminus to each respective control point may be about a one-third pic. The saw- 
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tooth pattern may be adapted to substantially orient a plurality of the elongated members in a 
substantially similar longitudinal direction when the implantable endoprosthesis is in a 
substantially constrained diameter size. The series of terminus may be adapted to become 
substantially layered when the implantable endoprosthesis is in a substantially constrained 
diameter. The saw-tooth pattern may be adapted to align the first and second elongated 
members. The depth of the saw-tooth pattern measured from one of the ends may increase as 
a braid pattern increases. The 2-over-2-under braid pattern may have a depth of about 1 pic; 
the 3-over-3-under braid pattern may have a depth of about 2 pics; and the 4-over-4-under 
braid pattern may have a depth of about 3 pics. At least one of the first and second elongated 
members may include a plurality of elongated members formed substantially parallel or 
formed as wire, yams, cable or braid. At least one of the first and second elongated members 
may include up to 10 elongated members. At least one of the first and second elongated 
members may have more resilient members than the other. The tubular body may have a 
greater diameter at one or more of the ends than the middle portion. The tubular body is 
made of at least one of a metal, plastic, bioabsorbable or other synthetic or natural materials. 
The tubular body may have a braid angle between about 65 degrees and 1 55 degrees. A 
preferred braid angle is 105° to 1 15° and an especially preferred filament crossing angle is 
106° to 1 10° (after heat treatment). The tubular body may have different diameters and 
shapes along its length when self-expanded. 

The invention also relates to a method of making a braided implantable 
endoprosthesis including: forming a first number of elongated members wound helically in a 
first common direction and crossing a second number of elongated members wound helically 
in a second common direction. The crossing of the first and second elongated members 
define at least an angle therebetween and a plurality of control points. The first and second 
elongated members are braided in a braid pattem greater than 1 -over- 1 -under; forming a 
generally tubular body formed of the first and second elongated members and having ends 
and a middle portion therebetween. The tubular body is constrainable to a reduced diameter 
size and self-expandable to an increased diameter size; and forming at least a portion of a 
saw-tooth pattern on at least one of the ends or on an edge of an opening in the tubular body. 
The saw-tooth pattem is defined by a series of terminus on at least one of the first or second 
elongated members at a predetermined distance firom respective control points. 
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The invention also relates to a method of making an implantable endoprosthesis 
including: providing a self-expanding implantable endoprosthesis having a generally tubular 
body having ends and a middle portion. The tubular body is made of a first number of 
elongated members wound in a first common direction and crossing a second number of 
elongated members wound in a second common direction. The crossing of the first and 
second elongated members define at least an angle therebetween and a plurality of control 
points. The first and second elongated members are braided in a braid pattern configuration 
greater than 1 -over- 1 -under. The tubular body is constrainable to a reduced diameter and 
self-expandable to an increased diameter; identifying a trim-line through the tubular body; 
cutting the one or more elongated members at one or more terminus that intersects the trim- 
line; and cutting the one or more elongated members at terminus where the one or more 
elongated members do not substantially control another elongated member to form a 
substantially saw-tooth pattern along tlie trim-line. The method of making a implantable 
endoprosthesis may further include constraining the tubular body to orient one or more 
elongated members in a substantially longitudinal direction and in two or more layers, or 
disposing a graft on one or more surfaces, for example, inside, outside, interwoven, or 
combinations thereof on or about the implantable endoprosthesis. A covering layer of elastic 
material or braided graft material may surround the tubular wall on all or along a portion of 
the longitudinal length to prevent growth. An implantable endoprosthesis may be formed by 
a method of making a stent. 

The invention also relates to a braided implantable endoprosthesis with patterned 
terminated ends including at least one set of resilient elongated members wound helically 
with another set of resilient elongated members in a braid pattern of at least 1 -over- 1 -under 
and crossing at multiple control points forming a generally tubular body having one or more 
surfaces. The tubular body terminate in end portions and with a middle portion therebetween. 
The tubular body is constrainable to a reduced diameter size and is self-expandable to an 
increased unconstrained diameter size. The implantable endoprosthesis has at least a portion 
of a crown shaped termination pattern with a depth of at least 1 pic at one or more of the end 
portions. A crown shaped termination pattern at one or more of the end portions is defined by 
one or more terminus located adjacent control points near the one or more end portions. The 
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implantable endoprosthesis may further include a graft material disposed on at least a portion 
of the one or more surfaces of the tubular body. 

The implantable endoprosthesis generally assumes a tubular form in an unloaded or 
expanded state when not subjected to external forces and is generally characterized by a 
longitudinal shortening upon radial expansion and a longitudinal lengthening upon radial 
contraction. 

The implantable endoprosthesis generally includes 10-36 members braided into a 
tubular mesh configuration. Altemative designs could be made using more than 36 elongated 
members. Stents and stent-grafts are envisioned having as many as 500 elongated members 
and which are made with braiders having sufficient carrier capacity. 

The implantable endoprosthesis, for example, a stent is preferably heat treated at 
about SOC'C to about 580''C for about 1 to about 5 hours. An especially preferred heat 
treatment is at about 530°C to about 550°C for about 2 to about 3 hours. 

The implantable endoprosthesis may be a stent, stent-graft, graft, filter, occlusive 
device, and valve. A graft may be made from materials such as polyethylene terephthalate 
(PET), expanded polytetrafluoroethylene (ePTFE), polycarbonate urethane (PCU) or 
polyurethane (PU). A graft may be made of braided, woven, dip-coated or spray -cast PET, 
PCU, or PU fibers. The graft may also be made of film, sheet, or tube such as an ePTFE or 
PCU material. 

Several materials may be used to make, the elongated members of the endoprosthesis, 
including, stainless "spring" steels, and certain cobalt-based alloys, more particularly, two 
alloys including cobalt, chromium, iron, nickel and molybdenum sold under the brand names 
"Elgiloy" (available fi-om Carpenter Technology Corporation of Reading, Pennsylvania) and 
"Phynox" (available from Metal Imphy of Imphy, France), respectively. Another suitable 
cobalt-chromium alloy is available under the brand name "MP35N" from Carpenter 
Technology Corporation of Reading, Pennsylvania. Drawn filled tubing (DFT) with core is 
available from Fort Wayne Metals Research Products Corporation of Ft. Wayne, Indiana. 
Nitinol is commercially available from Shape Memory Applications, Inc. of Santa Clara, 
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Califomia. The elongated members can also be constructed of a biocompatible plastic, 
polypropylene, polyesters and polyurethanes. 

Materials may also include members made of polylactide bioabsorbable polymer, 
helically wound and interwoven in a braided configuration. The members may also be made 
of poly(alpha-hydroxy acid) such as poly-L-lactide (PLLA), poly-D-lactide (PDLA), 
polyglycolide (PGA), polydioxanone, polycaprolactone, polygluconate, polylactic acid- 
polyethylene oxide copolymers, modified cellulose, collagen, poly(hydroxybutyrate), 
polyanhydride, polyphosphoester, poly(amino acids), or related copolymer materials. 

Bioabsorbable resins such as PLLA, PDLA, and PGA are available from PURAC 
America, Inc. of Lincolnshire, Illinois. Partially oriented yams and flat yams are 
commercially available from Wellman Inc. of Charlotte, North Carolina. The partially 
oriented yams can be textured by Miliiken, Inc. of Spartenburg, South Carolina. Silicone 
adhesive is commercially available from Applied Silicone of Ventura, California. Corethane 
is available from Corvita Corporation. The remaining materials discussed in the application 
are commercially available. 

Useful tools to make tHe present invention include Erem cutters Model E503T; 
Measuring guide tube; Gardena Scissors Model 370; Stereo Microscope; Magnifying Lens; 
and Ruler. 

Still other objects and advantages of the present invention and methods of 
construction and use of the same will become readily apparent to those skilled in the art from 
the following detailed description, wherein only the preferred embodiments are shown and 
described, simply by way of illustration of the best mode contemplated of carrying out the 
invention. As will be realized, the invention is capable of other and different embodiments 
and methods of constmction and use, and its several details are capable of modification in 
various obvious respects, all without departing from the invention. Accordingly, the 
drawings and description are to be regarded as illustrative in nature, and not as restrictive. 
BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a side view of a stent-graft showing various shapes along a longitudinal 
length and showing a crown-cut termination pattern; 
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Figure 2 is an enlarged view of the crown-cut from Fig. 1 ; 

Figure 3 is an enlarged view of a generally tubular body from Fig. 1 ; 

Figure 4 is an isometric view of a stent-graft illustrating an exposed portion of the 
braided elongated members; 

Figure 5 is a side view of another embodiment of a stent-graft illustrating the graft 
disposed on a portion of the braided elongated members; 

Figures 6a-6d are various embodiments of a stent-graft taken through 6-6 of Fig. 5; 

Figures 7a-7e are schematic side views of various embodiments of trim-lines on a 
stent or stent-graft; 

Figure 8 is a schematic view of a 2-over-2 -under braid pattem with double elongated 
member sets; 

Figure 9 is a schematic view of a 2-over-2-under braid pattem with a double elongated 
member set and single elongated member set; 

Figure 10 is a schematic view of a 2-over-l -under braid pattem with double elongated 
member sets; 

Figure 1 1 is a schematic view of a l-over-2-under braid pattern with double elongated 
members sets; 

Figure 12 is a schematic view of a 3-over-3-under braid pattem with single elongated 
member sets; 

Figure 13 is a schematic view of an end of a stent having a 2-over-2-under braid 
pattern, showing the trim-line and terminus; 

Figure 14 is a schematic view of an inverted end of a stent having a 2-over-2-under 
braid pattem, showing the trim-line and terminus; 

Figure 15a is a schematic view of a portion of an end of a stent detailing the trim-line 
and terminus, and formation of the crown trim pattem; 

Figures 1 5b-c is a schematic view of a portion of an end of a stent detailing the trim- 
line and terminus, and formation of the crown trim pattem; 
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Figure 16 is a schematic view of the crown trim pattern showing a series of terminus 
and elongated members; 

Figure 1 7 illustrates a schematic view of a diamond formed by crossing elongated 
members and preferred terminus selection points; and 

Figure 1 8 illustrates a side view of an endoprosthesis in a delivery tube with layers 
formed at the patterned terminated ends. 

DFTATLED DESCRIPTION OF THE INVENTION 

Reference is made to Figure 1, illustrating a braided implantable endoprosthesis 5 
having a patterned terminated end 10. A first number of elongated members 12 are wound 
helically about an axis 22 in a first common direction and cross a second number of elongated 
members 14 wound helically in a second common direction. The crossing 13 of the first and 
second elongated members 12, 14 defines an angle qc at the intersection and defines a 
plurality of control points 16 further shown in Fig. 15a and described below. The first and 
second elongated members 12, 14 are braided in a braid pattern greater than 1 -over- 1 -under. 
The sets of members 12, 14 may be interwoven in a variety of over and under braided 
configurations to form multiple intersections or crossings 13. 

The generally tubular body includes a middle portion 18b between the ends 1 8a, 18c. 
The implantable endoprosthesis 5 may include an edge 30a, 30b surrounding each opening 
28a, 28b at one or more ends 1 8a, 18c. The tubular body is constrainable to a reduced 
diameter and is self-expandable to an increased diameter. A passage 20 is formed through at 
least a portion of the tubular body and extends in a longitudinal direction 22. The passage 
may close at an end 1 8a, 1 8c or at middle portions 1 8b. The endoprosthesis 5 may have 
various shapes as shown in Figure 1 . A taper may decrease, positively or negatively. The 
tubular body may have a greater diameter at one or more of the ends 18a, 18c than the middle 
portion 1 8b. 

The first and second elongated members 12, 14 may include a plurality of elongated 
members formed substantially parallel and close to one another. The members 12, 14 may be 
axially displaced relative to each other. Adjacent parallel members 12, 14 may be tightly 
configured or be spaced apart from one another by about 1-2 millimeters (.04-.08 inches) 
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when in a relaxed state. The first and second elongated members 12, 14 may include up to 10 
elongated members close to one another or spaced apart. The first and second elongated 
members 12, 14 may have more resilient members in one set than the other. 

A preferred embodiment includes a braided implantable endoprosthesis 5 with 
patterned terminated ends having at least one set of resilient elongated members 12, 14 
wound helically with another set of resilient elongated members 12, 14 in a braid pattern of at 
least 1 -over- 1 -under and crossing at multiple control points 16 forming a tubular body having 
one or more surfaces 42, 44. The tubular body terminates in end portions 1 8a, 1 8c and vAxh a 
middle portion 1 8b therebetween. The tubular body is constrainable to a reduced diameter 
size and self-expandable to an increased unconstrained diameter size. The implantable 
endoprosthesis has a crown shaped termination pattern 24 with a depth of at least 1 pic at one 
or more of the end portions 18a, 18c. The crown shaped termination pattern 24 at one or 
more of the end portions 1 8a, I8c is defined by one or more terminus 1,2,3,4 and adjacent 
control points 16 near the one or more end portions 18a, 18c. 

Fig. 2 shows an enlarged view of the patterned terminated end 10 at end 18a on the 
endoprosthesis 5 of Fig. 1. The braid pattern configuration shown is 2-over-2-under with 
double members generally parallel and spaced close together. Shown is a radial outward 
taper and a graft 40 on the interior surface of the stent. 

A saw-tooth pattern 24 is formed on at least one of the ends 18a, 18c or on an edge 26 
of an opening 27 as shown, for example, in Fig. 7d. The saw-tooth pattern 24 is defined by a 
series of terminus I, 2, 3, 4 on at least one of the first or second elongated members 12, 14 at 
a predetermined distance from respective control points 16. Each control point 16 is located 
at a selected crossing 13 of a first and second elongated members 12, 14. A preferred average 
distance C measured from each terminus 1, 2, 3, 4 to each respective control point 16 is less 
than about one-half pic. An especially preferred average distance D measured from each 
terminus to each respective control point 16 is about a one-third pic. The optimum trim 
length from a terminus 1, 2, 3, 4 of an elongated member 12, 14 from a control point is 
between about 1/4 pic to about 0 pics. A depth E of the saw-tooth pattern 24 measured from 
one of the ends 18a, 18c generally increases as the braid pattern increases. 
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The saw-tooth pattern 24 generally orients and aligns the elongated members 12, 14 in 
a substantially similar longitudinal direction and in a generally layered configuration when 
the braided implantable endoprosthesis 5 is in a substantially constrained diameter. 

The crown-trim method is used to cut one or more patterned terminated ends 1 0 or 
saw-tooth pattern 24 at ends 18a, 18c or at an edge 26 of an opening 27 on an endoprosthesis 
5, Further descriptions of various trim patterns are shown in Figs. 7a-7e. Cutting or 
trimming keeps the terminus 1,2,3,4 straighter when the braided stent 46 or stent-graft 48 is 
compressed in a delivery system 50. The saw-tooth or crown-cut pattern prevents members 
12, 14 or wires from being curled, splayed or oriented radially outward. 

The endoprosthesis 5 is illustrated in its relaxed state, i.e.. in the configuration it 
assumes when subject to no external stresses. The members 12, 14 are resilient, permitting a 
radial compression of the stent into a reduced-radius, extended-length configuration suitable 
for transluminal delivery to the intended placement site. As an example, an endoprosthesis 5 
can have a diameter of about ten millimeters in the relaxed state, and can be elastically 
compressed to a diameter of about 2 millimeters (.08 inches) and have an axial length of 
about twice the axial length of the relaxed endoprosthesis 5. However, different applications 
call for different performance and diameters. Elongated members 12, 14 may have an 
average diameter ranging from about .00276 inches to about .031 inches. Endoprostheses are 
envisioned for all lumens in a body, preferred sizes range from about 2mm to about 60mm 
and generally any length. 

Fig. 3 shows an enlarged view of end 18c without a patterned terminated end 10. 

Figs. 4 and 5 show examples of a graft 40 that may be used with the present invention. 
An endoprosthesis 5 is shown with a 1 -over- 1 -under partem, however, the present invention 
relates to an endoprosthesis 5 having greater than a 1 -over- 1 -under braid pattern 
configuration. The figures are shown to represent a graft 40 and stent-graft 48. Also, the 
figures are shown to distinguish a 1 -over- 1 -under braid pattem configuranon from a greater 
than 1 -over- 1 -under braid pattern configuration shown in other figures and discussed herein. 

A separately manufactured and permanent graft 40 may be disposed on and adhered to 
at least a portion of the endoprosthesis 5 with an adhesive to form the stent-graft 48. The 
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graft 40 generally radially expands and contracts with the stent 46. Vascular grafts are 
shown, for example, in United States Patent No. 5,1 16,360. The graft 40 is preferably made 
of PET, ePTFE, PCU, or PU. Strands can be woven, braided, or knitted into a tubular fabric 
shape. 

The graft 40 may surround the outside surface 42 or the inside surface 44 of the stent 
46. In another embodiment, two grafts 40 may be used to surround and sandwich the stent 
46. The filament crossing angle of the assembly generally determines the relationship 
between radial compression and axial elongation of the stent-graft 48. Smaller angles 
generally result in less axial shortening for a given amount of radial enlargement. The graft 
40 is highly compliant and conforms to changes in the shape of the stent 46, 

A primary consideration is to select a braid angle 0 of the graft 40 with respect to a 
braid angle a of the stent 46, and to closely match the geometrical diameter and elongation 
properties of the stent 46 and graft 40 formed into the stent-graft 48 by about matchuig the 
respective braid angles. 

A variety of methods and adhesives may be used for bonding the graft 40 to the stent 
46. The adhesives include a PLLA material, however, other bioabsorbable materials may be 
used. A siloxane polymer (silicone) may be used as an adhesive. Other alternative polymers 
may include fluorosilicone and polycarbonate urethane. A vnde range of sizes of the 
endoprosthesis 5 including lengths, diameters, and member diameters are envisioned. 

Figures 6a-6d show various embodiments of a stent-graft in an unconstrained, radially 
expanded state taken through the line 6-6 of Fig. 5 illustrating the graft 40 disposed on the 
inside of the stent; inside and outside of the stent, outside of the stent, and interbraided or 
interwoven through the stent, respectively. 

Figures 7a-7e show schematic side views of various trim-lines on a stent 46 or stent- 
graft 48. Fig. 7a illustrates a standard straight trim-line; Fig 7b illustrates an angled trim-line; 
Fig. 7c illustrates a combination straight and angled trim-line; Fig. 7d illustrates a curved or 
radius trim-line and a geometric trim-line, for example, a round opening; and Fig. 7e 
illustrates a custom shape including a straight trim-line with an attached geometric trim-line. 
Other trim-line combinations including various geometrical shapes are envisioned. 



wo 00/0^^ PCT/US99/14455 

-14- 

Various braid pattern configurations are possible. For example, Figure 8 shows a 2- 
ovcr-2-undcr braid pattern with double elongated member sets (double wire sets) in each 
direction spaced slightly apart; Figure 9 shows a 2-over-2-under braid pattern with a double 
elongated member set and a single elongated member set; Figure 10 shows a 2-over-l -under 
braid pattern with double elongated member sets; Figure 1 1 shows a 1 -over-2-under braid 
pattern with double elongated members sets; and Figure 12 shows a 3-over-3-under braid 
pattern with single elongated member sets. Other braid pattern configurations are envisioned. 

Figure 1 3 illustrates an end 1 8a of a stent 46 and an optimum trim pattern for a 2- 
over-2-under braid pattem. A straight standard trim-line T and terminus 1 , 2, 3, 4 are shown. 
This is the applicable trim pattern if the member associated with terminus 1 is formed from 
left to right, over the other member associated with terminus 2 on the trim-line. 

Figure 14 illustrates an end 1 8a of a stent 46 and an optimum trim pattem for a 2- 
over-2-under braid pattem. The pattem is inverted on the horizontal axis as compared to 
Figure 13. A straight standard U-im-line T and terminus 1, 2, 3, 4 are shown. This is the 
applicable trim pattem if the member associated with terminus 1 is formed from right to left, 
over the other member associated with terminus 2 on the trim-line. 

Figure 1 5a illustrates a portion of an end 1 8a of a stent 46 detailing the trim-line T and 
terminus U 2, 3, 4, and formation of the crown trim pattem. Control points 16 are crossing 
points at which an elongated member 12, 14 in the first direction crosses another elongated 
member 12, 14 in the second direction and one of the elongated members 12, 14 is being 
controlled by the other second direction member having an excess length or a distance to the 
control point of no greater than about one-half pic. The control points 16 shown in white 
indicate that the elongated member of the first direction (left to night) are supplying control to 
the second direction members. The control points 16 shown in black indicate the elongated 
members of the first direction (right to left) are supplying control to the second direction 
members. 

As shown by the dotted lines, any excess member length, with the exception of the 
optimum excess length, that does not supply sufficient control to another member, i.e., does 
not meet the control point definition, is terminated and removed or pruned out of the braided 
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endoprosthesis 5. Control points 16 and excess, are evaluated from the trim-line, back into 
the body of the structure. 

Figures I5b-c illustrates a portion of an end 18a, 18c of a stent 46 detailing the trim- 
line and terminus I, 2, 3, 4, and formation of the saw-tooth pattern 24 including an optional 
graft 48. Figure 1 5b shows a series of terminus 1 , 2, 3, 4 that have been cut and removed. 
Figure 15c shows a series of terminus 1, 2, 3, 4 that have been cut and removed. Adherence 
of graft material is optional. The stent 46 and graft 48 are trimmed in a saw-tooth 
configuration fi-om the apex of the trim-line. The graft 48 trim back is optional. 

Figure 1 6 is a schematic view of the crown trim pattern showing a series of cut 
terminus 1 , 2, 3, 4 and the saw-tooth pattem 24. Also shown are trim extensions 60, 70, 80 
which form in layers when the endoprosthesis is constrained in a delivery tube 50 as shown in 
Fig. 18. 

Figure 17 illustrates an individual diamond formed by crossing elongated members 
12, 14 and one or more preferred terminus points, 1, 2, 3, 4. Pic measurement A is equal to 
one Pic. The optimum length of elongated member excess from a crossing point 16 is less 
than one-quarter pic but greater than zero. The purpose of optimization is to keep the 
elongated members 12, 14 from unraveling at the crossing points 16 when constrained and 
expanded. 

Figure 18 illustrates a side view of an endoprosthesis in a delivery device 50 with 
layers 34 formed at the patterned terminated ends 1 0. The trim extensions 60, 70, 80 
generally form layers when the endoprosthesis 5 is constrained in the delivery device 50. 

A preferred method of making a braided implantable endoprosthesis 5 includes: 
(1) forming a first number of elongated members 12 wound helically in a first common 
direction and crossing a second number of elongated members 14 wound helically in a second 
common direction. The crossing 13 of the first and second elongated members 12, 14 defines 
an angle oc and a plurality of control points 16. The first and second elongated members 12, 
14 are braided in a braid pattem greater than I -over- 1 -under; (2) forming a tubular body 
formed of the first and second elongated members 12, 14 and having ends 18a, 18c and a 
middle portion 1 8b therebetween. The tubular body is constrainable to a reduced diameter 
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and is self-expandable to an increased diameter; and (3) forming at least a portion of a saw- 
tooth pattern 24 on at least one of the ends 1 8a, 1 8c or on an edge 36 of an opening 38 in the 
tubular body. The saw-tooth pattern 24 is defined by a series of terminus 1, 2, 3, 4, on at least 
one of the first or second elongated members 12, 14 at a predetermined distance from 
respective control points 16. 

Another preferred method of making an implantable endoprosthesis includes: 
(1) providing a self-expanding implantable endoprosthesis 5 having a generally tubular body 
having ends 18a, 18c and a middle portion 18b. The tubular body is made of a first number 
of elongated members 12 wound in a first common direction and crossing a second number of 
elongated members 14 wound in a second common direction. The crossing 13 of the first and 
second elongated members 12, 14 defining an angle cc therebetween and a plurality of control 
points 16. The first and second elongated members 12, 14 are braided in a braid pattern 
configuration greater than 1 -over- 1 -under. The tubular body is constrainable to a reduced 
diameter and is self-expandable to an increased diameter; identifying a trim-line T through 
the tubular body; (2) cutting the one or more elongated members 12, 14 at one or more 
terminus 1, 2, 3, 4 that intersects the trim-line T; and (3) cutting the one or more elongated 
members 12, 14 at terminus 1, 2, 3, 4 where the one or more elongated members 1, 2, 3, 4 do 
not substantially control another elongated member 12, 14 to form a substantially saw-tooth 
pattern 24 along the trim-line T. The method may further include constraining the tubular 
body to orient one or more elongated members 12, 14 in a substantially longitudinal direction 
and in two or more layers 34. The method may further include disposing a graft 40 on one or 
more surfaces 42, 44 or between elongated members 12, 14 of the implantable endoprosthesis 
5. An implantable endoprosthesis 5 is formed by the method. 

Similar or additional methods for other braid patterns greater than 1 -over- 1 -under and 
including a plurality of paired members are also envisioned. 

Termination of an elongated filament (terminus 1, 2, 3, 4) is preferably performed in 
one step, regardless of the numbers of parallel elongated members 12, 14 or physical makeup 
of the member 12, 14. 
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A method for patterned termination of a trim-line T for stents 46 or stent-grafts 48 
using a 2-over-2-under braiding pattern and an even number of paired members is described 
below. 

1 . Study the braid diagram of the stent 46 such as a paired member pattern with a 
2-over-2-under braid pattern. Follow the paired member to confirm the paired member 
pattern. The terminus to be cut are 1, 2, 3 and 4. The terminus 4 and terminus 3 member 
pairs will be cut before the stent 46 is placed over a liner or graft 48. The terminus 1, 2 
member pairs will be cut after the stent 46 is attached to the liner or graft 48. 

2. Place the stent 46 in a measuring guide tube of a predetermined size such that 
the proximal flare end 18a sticks above the tube and is in contact with the inner diameter of 
the ttibe at the rim. Check that the distal end 1 8c does not get hung up on a centering ring. 

3. Locate the terminus 4 member pair closest to the inner diameter of the guide 
tube. The center cutting point is after this member goes over the terminus 3 member pair. 

4. Pull the stent 46 out of the guide just enough to be able to cut the terminus 4 
member pair and make the cut about 1/3 pic above the cross-over point using cutters. The cut 
is made by placing the cutters handle nearly parallel to the member, and making a square cut 
on the member. 

5. Follow the termmus 4 member pair two picks above and make another cut, 
removing a section of this member pair. 

6. Return to the initial terminus 4 point, count four member pairs to the left or 
right and your next terminus 4 member pair will be located. Confirm that it is an "over" 
member and repeat the terminus 4 cut first at the bottom then two pics above, following that 
member. 

7. Continue this process until all terminus 4 cuts are made and member sections 
removed. 

8. Locate any first terminus 3 member pair and cut the tenninus 3 member pair 
1/3 pic above the cross-over point as shown in the diagram. Follow that member two pics 
above and make another cut, removing this section of member. 
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9. Return to the initial terminus 3 point, count four member pairs to the left or 
right and your next terminus 3 member pair will be located. Confirm that it is an "over" 
member pair and repeat the terminus 3 cut first at the bottom then two pics above following 
that member pair. 

10. Continue this process until all terminus 3 cuts are made and member sections 
removed. 

Alternatively, perform a terminus 4 cut and terminus 3 cut by following steps 4-6 and 
then steps 8-9 in an alternate fashion. 

1 1 When finished, the stent 46 will be held by the terminus 1 and terminus 2 
paired members and will appear Hke diamond shape holes, all around. Make sure that the 
terminus 3 and terminus 4 members are in the appropriate over/under pattern, and inspect for 
any loose member pieces. 

Additional steps for a stent having a graft attached may include the following steps: 

1 . After the liner is salt packed, cured, washed and dried, the final series of 
terminus 1 and terminus 2 cuts is made to trim off the proximal flare. 

2. First, trim off the excess proximal flare using scissors cutting parallel to the 
axis 22 of the stent 46 and then perpendicular to the axis leaving about 2-3 picks worth of 
excess flare above the terminus 1 and terminus 2 cut points. 

3 Using the cutters, cut the terminus 1 and terminus 2 paired members cutting 
the liner with it. Repeat this process until all terminus 1 and terminus 2 member pairs are cut. 

4. Finally, trim off the liner or graft 48 using the cutters. At this step, some of 
the members can be trimmed to be close to about 1/3 pic from the cross-over point. 

5. Perform a final length cut at the distal end using scissors by measuring, for 
example for a 27mm diameter device, about 120mm ± 5mm from the apex of the crown cut 
using a ruler. 

6. Perform an inspection to assure all cuts were properly made and that no pair 
ends have become untapped or twisted such that they will not collapse correctly. 
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Inspection should be performed with either a magnifying lens or the stereo 
microscope. 

While a particular preferred embodiment has been illustrated and described the scope 
of protection sought is in the claims that follow. 
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What is claimed is : 

1 . A braided implantable endoprosthesis with patterned terminated ends 
comprising: 

a first number of elongated members wound helically in a first common direction and 
crossing a second number of elongated members wound helically in a second common 
direction, the crossing of the first and second elongated members defining an angle 
therebetween and a plurality of control points, the first and second elongated members 
braided in a braid pattern greater than 1 -over- 1 -under; 

a generally tubular body formed of the first and seC-Ond MQng3led.members and 
having ends and a middle portion therebetween, the generally tubular body constrainable to a 
reduced diameter and self-expandable to an increased diameter; 

a passage at least partially through the generally tubular body extending in a 
longitudinal direction; and 

at least a portion of a saw-tooth pattern formed on at least one of the ends or on an 
edge of an opening in the generally tubular body, the saw-tooth pattern defined by a series of 
terminus on at least one of the first or second elongated members at a predetermined distance 
fi:om respective control po ints, 

2. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 further comprising an opening defined by each end of the generally tubular body and 
an edge surrounding each opening. 

3 . The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the control point is defined by a crossing of a first and second elongated 
members. 

4. The braided implantable endoprosthesis with patterned reanimated ends of 
claim 1 wherein an average distance measured from each terminus to each respective control 
point is less than about one-half pic. 
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5. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein an average distance measured from each terminus to each respective control 
point is about a one-third pic. 

6. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the saw-tooth pattern is adapted to substantially orient a plurality of the 
elongated members in a substantially similar longitudinal direction when the braided 
implantable endoprosthesis is in a substantially constrained diameter. 

7. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the series of terminus are adapted to become substantially layered when the 
braided implantable endoprosthesis is in a substantially constrained diameter. 

8 The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the saw-tooth pattern is adapted to align the first and second elongated 
members. 

9. The braided implantable endoprosthesis with patterned terminated ends of 
claim 6 wherein a depth of the saw-tooth pattern measured from one of the ends increases as a 
braid pattern increases. 

10. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the generally tubular body is formed from one of a braid pattern including 2- 
over-2-under; 2-over-l -under; 1 -over-2-under; 3-over-3-under; 3-over-2-under; 2-over-3- 
under; 3-over-l -under; l-over-3-under; 4-over-4-under; 4-over-3 -under; 3-over-4-under; 4- 
over-2-under; 2-over-4-under; 4-over-l -under; l-over-4-under; 5-over-5-under; 5-over-4- 
under; 4-over-5-under; 5-over-3-under; 3-over-5-under; 5-over-2-under; 2-over-5-under; 5- 
over-1 -under; and l-over-5-under. 

1 1 . The braided implantable endoprosthesis with patterned terminated ends of 
claim 10 wherein the 2-over-2-under braid pattern has a depth of about 1 pic. 

12. The braided implantable endoprosthesis with patterned terminated ends of 
claim 10 wherein the 3-over-3-under braid pattern has a depth of about two pics. 

13. The braided implantable endoprosthesis with patterned terminated ends of 
claim 10 wherein the 4-over-4-under braid pattern has a depth of about three pics. 
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14. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein at least one of the first and second elongated members includes a plurality of 
elongated members formed substantially parallel or formed as yams, cable or braid. 

1 5. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 4 wherein at least one of the first and second elongated members includes up to 1 0 
elongated members. 

16. The braided implantable endoprosthesis with patterned terminated ends of 
claim 14 wherein at least one of the first and second elongated members has more elongated 
members than the other. 

17. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the generally tubular body has a greater diameter at one or more of the ends 
than the middle portion. 

1 8. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the generally tubular body is made of at least one of a metal, plastic, 
bioabsorbable or other synthetic or natural materials. 

1 9. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the generally tubular body has one of a braid angle or filament crossing angle 
of between about 65 degrees and 155 degrees. 

20. The braided implantable endoprosthesis with patterned terminated ends of 
claim 1 wherein the generally tubular body has more than one diameter when self-expanded. 



forming a first number of elongated members wound helically in a first common 
direction and crossing a second number of elongated members wound helically in a second 
common direction, the crossing of the first and second elongated members defining at least an 
angle therebetween and a plurality of control points, the first and second elongated members 
braided in a braid pattern greater than 1 -over- 1 -under; 



steps: 




A method of making a braided implantable endoprosthesis comprising the 
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forming a generally tubular body formed of the first and second elongated members 
and having ends and a middle portion therebetween, the generally tubular body constrainable 
to a reduced diameter size and self-expandable to an increased diameter size; and 

forming at least a portion of a saw-tooth pattern on at least one of the ends or on an 
edge of an opening in the tubular body, the saw-tooth pattern defined by a series of terminus 
on at least one of the first or second elongated members at a predetermined distance from 
respective control points. 

/ ^22. A method of making an implantable endoprosthesis comprising: 

providing a self-expanding implantable endoprosthesis having a generally tubular 
body having ends and a middle portion, the generally tubular body made of a first number of 
elongated members wound in a first common direction and crossing a second number of 
elongated members wound in a second common direction, the crossing of the first and second 
elongated members defining at least an angle therebetween and a plurality of control points, 
the first and second elongated members braided in a braid pattern configuration greater than 
1 -over- 1 -under, the generally tubular body constrainable to a reduced diameter and self- 
expandable to an increased diameter; 

25 identifying a trim-Hne through the generally tubular body; 

cutting the one or more elongated members at one or more terminus that intersects the 
trim-line; and 

cutting the one or more elongated members at terminus where the one or more 
elongated members do not substantially control another elongated member to form at least a 
portion of a substantially saw-tooth pattern along the trim-line. 

23 . The method of making a implantable endoprosthesis of claim 22 further 
comprising constraining the generally tubular body to orient one or more elongated members 
in a substantially longitudinal direction and in two or more layers. 

24. The method of making a implantable endoprosthesis of claim 22 fiirther 
comprising disposing a graft on one or more surfaces of the implantable endoprosthesis. 
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25. A implantable endoprosthesis formed by a method of making a stent of 
claim 22. 

26. A braided implantable endoprosthesis with patterned terminated ends 
comprising: 

at least one set of resilient elongated members wound helically with another set of 
resilient elongated members in a braid pattern of at least 1 -over- 1 -under and crossing at 
multiple control points forming a generally tubular body having one or more surfaces, the 
generally tubular body terminating in end portions and with a middle portion therebetween, 
the generally tubular body constrainable to a reduced diameter size and self-expandable to an 
increased unconstrained diameter size, the braided implantable endoprosthesis having at least 
a portion of a crown shaped termination pattern with a depth of at least j_pic at one or more 
of the end portions, and 

the at least a portion of a crown shaped termination pattern at one or more of the end 
portions defined by one or more terminus adjacent control points near the one or more end 
portions. 

27. The braided implantable endoprosthesis with patterned terminated ends of 
claim 26 further comprising a graft material disposed on at least a portion of the one or more 
surfaces of the generally tubular body. 
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